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(54) FIBROUS MAGNETITE AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To obtain a fibrous magnetite excellent in carbon dioxide decomposition ability, high in 
porosity and providing a catalyst free from the degradation of catalytic efficiency due to pressure 
loss by coating the surface of a fibrous base material with a specific reductive magnetite. 
CONSTITUTION: The surface of the fibrous base material such as silicon nitride fiber, aluminum 
nitride fiber or titanium oxide fiber is coated with an oxygen containing iron compound such as 
magnetite, maghemite by wet process or vapor phase chemical reaction process. Next, by reducing 
the coated oxygen containing iron compound by hydrogen reduction method or the like, the fibrous 
magnetite coated with the reductive magnetite expressed by Fe304-x (0<x<0.5) on the surface of 
the fibrous base material is obtained. The obtained fibrous magnetite is useful for a catalyst for 
decomposing carbon dioxide and for a base material for a fuel cell in the case of using a electric 
conductive one as the fibrous base material. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Fibrous magnetite which it comes to cover with reduction type magnetite the surface of a 
fiber base material is indicated to be by Fe 3 0 4 _ x (0< x<=0.5). 

[Claim 2]A fiber base material is the whole surface of the surface, or fibrous magnetite of claim 1 
which has a carbonaceous layer in part. 

[Claim 3]A manufacturing method of fibrous magnetite of claim 1 characterized by returning this 
oxygenated iron compound after covering the surface of a fiber base material with an oxygenated 
iron compound. 

[Claim 4JA manufacturing method of fibrous magnetite of claim 3 which performs hydrogen 
reduction. 

[Claim 5]Fibrous magnetite which carries out carbon coating of the whole surface or a part of 
surface fibrous magnetite of claim 1 further. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to fibrous magnetite. This fibrous magnetite is useful as 
a catalyst substrate for carbon dioxide decomposition for example. When using for a fiber base 
material what has conductivity, it is useful also as raw materials, such as a fuel cell, for example. 
[0002] 

[Description of the Prior Art]The technical problem in which the recognition over preservation of 
earth environment increases in recent years that exploitation of clean energy, development, removal 
of carbon dioxide, reduction, etc. are big, and intermediary ****. 

[0003]As a method of exploiting clean energy, water is electrolyzed using solar heat and the method 
of manufacturing hydrogen and oxygen is proposed, for example. However, there are many problems 
— installation cost not only becomes immense, but in order to raise the utilization efficiency of 
solar heat according to this method, need a large-scale plant, therefore a setting position is limited 
to the ocean, a desert, etc., and international cooperation is required. 

[0004]The method of collecting carbon dioxide, using amine for example as a method of removing or 
reducing is proposed. However, by this method, the reuse as resources is impossible and it is 
deficient in economical added value. 

[0005]In order to decompose carbon dioxide, using detailed granular material, such as magnetite 
(Fe 3 0 4 ) and reduction type magnetite, as a catalyst is studied (the functional material December, 

1990 item, JP,3-245845,A, JP,3-285829,A). Although these catalysts have good catalytic activity, 
the further outstanding thing is demanded. Although there is no method in addition to the solid / 
gaseous phase system reaction (reaction which specifically lets carbon dioxide pass in this catalyst) 
for which this ****** uses a fluid bed under the present circumstances for decomposing carbon 
dioxide using these catalysts, this method has the fault that pressure loss arises. That is, these 
catalysts are microscopic particles, and since porosity is low, catalyst efficiency does not fall 
remarkably or reuse becomes impossible [ cause blinding and solidification with the inflow pressure 
of carbon dioxide, and ] by solidification. Although the reduction type magnetite which has carbon 
dioxide resolution superior to magnetite is usually manufactured through hydrogen gas in magnetite, 
Also in this case, blinding and solidification of magnetite take place with the inflow pressure of 
hydrogen gas like the above, and there is a problem that reduction of magnetite is not fully 
performed. 

[0006]On the other hand, this invention person has proposed the quality of a magnetic matter which 
covers the surface of a fiber base material with magnetite in JP,62-256800,A and JP,62-260800,A 
as a raw material for electromagnetic wave shields aiming at the restoration to resin. However, there 
is no statement about decomposition of carbon dioxide in these gazettes, and there is also no 
description about reduction type magnetite in them. 
[0007] 
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[Problem(s) to be Solved by the Invention]The purpose of this invention has the carbon dioxide 
decomposition activity which compared with the reduction type magnetite of the above-mentioned 
conventional particle state, and was remarkably excellent, and since porosity is high, there is in 
providing the fibrous magnetite which there is no decline in the catalyst efficiency by pressure loss, 
and can serve as a recyclable catalyst. 
[0008] 

[Means for Solving the ProblemjNamely, fibrous magnetite which comes to cover this invention with 
reduction type magnetite the surface of (1) fiber base material is indicated to be by Fe 3 0 4 _ x (0< 
x<=0.5), (2) Provide fibrous magnetite which carries out carbon coating of some or the whole 
surface of a manufacturing method of fibrous magnetite of the above (1), and the surface of fibrous 
magnetite of (3) above (1) further. 

[0009]Fibrous magnetite of the above (1) is covered with reduction type magnetite the surface of a 
fiber base material is indicated to be by Fe 3 0 4 _ x (0< x<=0.5). 

[0010]About ten to 300 thing of an aspect ratio is [ ten to about 1000 ] usually [ ten or more ] 
preferably good [ usually / fiber length / 3 micrometers - about 50 mm ] as a fiber base material, 
although there is no restriction in particular at 10 micrometers - about 30 mm preferably. When fiber 
length decomposes carbon dioxide in less than 3 micrometers, textiles may break and it may 
become still shorter, and a fall of catalytic activity by pressure loss may be caused. On the other 
hand, even if it exceeds 50 mm, there is no problem in particular, but covering of reduction type 
magnetite may become difficult and improvement in moreover more much more catalytic activity 
may be unable to be expected. When an aspect ratio becomes remarkably small from ten, there is a 
possibility that improvement in catalytic activity may become insufficient 

[0011]Although there is no restriction in particular also as construction material which constitutes a 
fiber base material, if the stability of reduction type magnetite to cover, catalytic activity, etc. are 
taken into consideration, Alkaline-earth metals, such as alkaline metals, such as Li, Na, and K, Mg, 
Ca, Sr, and Ba, Group Via elements, such as IVa group elements, such as Ti and Zr, Mo, W, Fe, 
Group Mb elements, such as group lb elements, such as VII group elements, such as Co, and Cu, B, 
and aluminum, Halogens, such as group Vb elements, such as IVb group elements, such as C, Si, Sn, 
and Pb, N, P, and Sb, F, CI, Br, and I, and these oxides, a hydrogen-containing compound, carbonate, 
sulfate, etc. can be mentioned, and these at least one sort can be used. Fiber base material of 
****** used by this invention is good at at least one sort of aggregates, such as a mixture of said 
ingredient, a compound, double salt, a eutectic crystal thing, and micro crystallite, etc., or its ****** 
is also good at a single crystal body, for example. As an example of a fiber base material, for 
example A graphite whisker, carbon fiber, Boron carbide textiles, silicon carbide fiber, titanium 
carbide textiles, boron nitride textiles, Silicon nitride textiles, alumimium nitride textiles, silicon oxide 
textiles, titanium oxide textiles, Aluminum oxide textiles, tin oxide textiles, zinc oxide textiles, 
magnesium oxide textiles, Titanium dioxide fibers, titanic acid alkali textiles, titanic acid alkaline 
earth textiles, Boric acid aluminum textiles, magnesium borate textiles, aluminum silicate textiles, 
Magnesium silicate textiles, calcium silicate fibers, zinc silicate textiles, calcium phosphate textiles, 
An alumina fiber, an alumina silica fiber, etc. can be mentioned and silicon nitride textiles, alumimium 
nitride textiles, silicon oxide textiles, titanium oxide textiles, aluminum oxide textiles, titanic acid 
alkali textiles, titanic acid alkaline earth textiles, boric acid aluminum textiles, etc. are preferred also 
in it. These textiles may be doped in very small quantities with a different species element, and the 
surface treatment may be carried out of said ingredient A substance which has conductivity and 
catalytic activity of Au, Pt, Ag, nickel, carbon, etc. in these fiber surfaces in accordance with a 
method of a statement at JP,58-20722,A, for example may be covered. 

[0012]In this invention, reduction type magnetite covered on the surface of the above-mentioned 
fiber base material is shown by empirical formula:Fe 3 0 4 _ x (0< x<=0.5). When x exceeds 0.5, there is 

a possibility that carbon dioxide decomposition activity may fall. Reduction type magnetite itself is a 
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compound publicly known as mentioned above, and it is manufactured by returning magnetite 
(Fe 3 0 4 ). Although a covering rate in particular to a fiber base material of reduction type magnetite is 
not restricted but it can choose from a wide range suitably according to specific gravity of a fiber 
base material to be used, a size of surface area, etc., it is good to usually use about fiber base 
material / reduction type magnetite =95 / five to 10/90. When it separates remarkably from the 
aforementioned range, there is a possibility that the carbon dioxide decomposition activity of a 
catalyst acquired may fall. 

[0013]This ****** covers an oxygenated iron compound on the surface of a fiber base material first 
to manufacture this invention fibrous magnetite of the above (1). The aforementioned oxygenated 
iron compound is publicly known, and usually says magnetite, maghemite, a ferrite, etc. 
[0014]Publicly known methods, such as wet process, chemical vapor deposition (CVD), the 
polyphase depositing method (PVD), and sputtering process, are employable as covering of an 
oxygenated iron compound, for example. 

[0015]For example, what is necessary is just to carry out addition mixing of the equivalent mixed 
water solution of the 1st iron salt and the 2nd iron salt under existence of urea at a water 
dispersion of a fiber base material according to wet process. A line intermediary of this reaction is 
also good under stirring. As iron salt, what the solution may dissolve in a thing which shows 
neutrality or acidity, and a water-soluble solvent, or can form a stable colloidal dispersion system in 
this solvent is used. Ferric chloride, ferrous sulfate, iron nitrate, iron hydroxide, iron carbonate, 
organic iron salt, etc. can be mentioned, and, specifically, these at least one sort can be used, for 
example. What is necessary is just to usually make it into 0.1 - 70(v/v)% grade with the total 
quantity of the 1st iron salt and the 2nd iron salt, although iron salt concentration in particular in 
iron salt solution is not restricted. At less than 0.1%, if there is a possibility that coating volume of 
iron salt may fall and 70% is exceeded on the other hand, stirring or kneading by a mixer will become 
difficult, and there is a possibility that workability may fall. What is necessary is just to usually make 
the amount of the urea used about into 30 to 50 (mole ratio) preferably ten to about 100 to the 2nd 
iron ion, if the ease of carrying out of generation of an oxygenated iron compound, economical 
efficiency, etc. are taken into consideration although there is no restriction in particular. Although 
restriction in particular does not have a reaction condition, either, it is preferred to usually carry out 
under temperature about 50 ** - the boiling point, and it is good 5-12, and to set pH of the system 
of reaction to 1 0-1 2 preferably. 

[0016]According to the polyphase depositing method, iron salt solution can be added to a water 
dispersion of a fiber base material under stirring if needed, and a method of hydrolyzing can be 
mentioned, for example. Iron salt and its concentration may be the same as that of a case of the 
above-mentioned wet process. A method of adopting a method publicly known as a hydrolysis 
method, for example, adding hydrolysis agents, such as alkaline metals, such as Li, Ki, Na, Ca t Mg, 
Ba, and Sr, or alkaline-earth metals, etc. can be mentioned. What is necessary is just to usually 
make it into 0.7 to 6 (mole ratio) grade preferably 0.1 to about eight to iron salt, although what is 
necessary is just to choose the amount of hydrolysis agent used suitably according to iron salt, a 
kind of fiber base material, etc. A hydrolysis agent usually remains as it is, or is used with a gestalt 
of solution. In order to promote hydrolysis, a line intermediary is also good in aeration. Reaction 
temperature is good to usually consider it as not less than 50 **. An iron system compound may be 
deposited on the fiber base material surface, and this may be changed to an oxygenated iron 
compound by heating oxidation. 

[0017]Subsequently, by returning an oxygenated iron compound covered by the fiber base material 
surface, this oxygenated iron compound is changed into reduction type magnetite shown by 
empirical formula:Fe 3 0 4 _ x (0< x<=0.5), and fibrous magnetite of the above (1) can be obtained. 

[0018]As reduction, a hydrogen reduction method, decompression, or a vacuum treating method can 
be mentioned, for example. Hydrogen reduction is performed by introducing hydrogen gas under 
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temperature of 100-400 **, after inactive gas, such as gaseous helium, for example, replaces the 
gaseous phase of the system of reaction containing an oxygenated iron compound covering-fiber 
base material. What is necessary is just to choose installation time of hydrogen gas suitably 
according to temperature of the system of reaction, quantity of an oxygenated iron compound 
covering-fiber base material, etc. 

[0019]When changing an oxygenated iron compound into reduction type magnetite, as a fiber base 
material, If the surface whole surface, a thing which has a carbonaceous layer in part, or the surface 
uses what was covered with carbon, an oxygenated iron compound will be efficiently changed into 
reduction type magnetite, and fibrous magnetite outstanding especially from a field of catalytic 
activity, catalyst efficiency, stability, and reusability moreover will be obtained. Although a reason 
such an outstanding effect is acquired is not yet clear enough, the surface of a carbonaceous layer 
is [ very detailed ] uneven, and is considered for specific surface area to increase remarkably. It is 
good for a fiber base material which has a carbonaceous layer on the surface to have conductivity, 
to be able to use fibrous magnetite **(ed) using this fiber base material also as a raw material of a 
fuel cell, and for thickness of a carbonaceous layer to be 1.0 nm - about 10 micrometers in this 
case. 

[0020]A carbonaceous layer may be formed in fibrous magnetite of this invention all over a part of 
the surface in order to raise the catalytic activity, reusability, etc. further. A publicly known thing 
can be used as a carbonaceous material, for example, black lead, graphite, etc. can be mentioned. 
What is necessary is just to decompose carbon dioxide, for example in accordance with a publicly 
known method using fibrous magnetite of this invention, in order to form a carbonaceous layer. 
[0021]It faces decomposing carbon dioxide using fibrous magnetite of this invention, and a method 
indicated to a publicly known method, for example, the functional material December, 1990 item, 
JP,3-245845,A, JP,3-285829,A, etc. can be adopted. 
[0022] 

[Example]An example, a comparative example, and the example of an experiment are given to below, 
and let this invention be a still clearer thing. 

[0023]5.0 g of ferrous chloride (FeCI 2 and6H 2 0, NAKARAI tex company make) was added to the 10- 

% of the weight solution 136g of manufacture ferric chloride (FeCI 3 and6H 2 0, NAKARAI tex company 

make) of example 1 maghemite covering fibrous material, and it dissolved in it. Titania textiles 
produced by calcinating 4 potassium-titanate hydrate at 300 ** after chloride processing in this 
solution for 5 hours (18 micrometers of fiber length) After applying the 0.2-micrometer fiber 
diameter of 5.0 g and making it distribute, the bottom room temperature of stirring took 30 minutes, 
200 ml of 1 mol/ml ammonia solutions were added, for 30 minutes, after aging, reduced pressure 
drying was carried out and filtration, rinsing, ethanol washing, filtration, and the substance 1 1.04g in 
which magnetism is shown by dark brown were obtained for the solid. It is a substance which 
consists of maghemite (gamma-Fe 2 0 3 ) and a titania when the X diffraction of this is carried out, 

and is ******. It became clear that these substances are 18 micrometers of fiber length and fibrous 
material with a diameter of 0.3 micrometer, and the mug hematite particle whose path is about 1 nm 
served as floe which is a diameter of about 10 nm, and formed the homogeneous layer about 0.05 
micrometer thick in the surface of titania textiles from SEM observation. Maghemite / titania 
textiles of this substance (weight ratio) = it is 54.7/45.3 and is ******. 

[0024]5 g of the above-mentioned maghemite covering titania textiles were lightly filled up with a 
length of about 10 cm in a quartz tube manufacture 10 mm in inside diameter of fibrous reduction 
magnetite, and 30 cm in length, and silica wool was filled in both sides and it fixed to them. After 
filling up a length of 5 mm with linear copper oxide (made by a NAKARAI tex company) and fixing to 
an outlet side by silica wool furthermore, this was installed in the tubular electric furnace and the 
helium introducing pipe was connected to the aspirator and the entrance side at the outlet side, 
respectively. Drawing in with an aspirator, temperature up of the degree of furnace temperature was 
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carried out for gaseous helium to 700 ** with the sink at 20-ml a rate for /for 2 hours, gaseous 
helium was passed for 30 more minutes, and helium substitution of the inside of a system was 
carried out. Removing an aspirator after that and holding the degree of furnace temperature at 300 
**, it replaced with gaseous helium and hydrogen gas was poured at 10-ml a rate for /. At a 
hydrogen gas introducing initial only by the Japanese smoke by hydrogen gas and the steam which 
is the resultants of copper oxide being accepted slightly ******, Hydrogen gas introduction 30 
minutes passed, Japanese smoke became deep, when dew condensation arose near the exit of a 
quartz tube, hydrogen gas was changed to gaseous helium, heating was stopped, it cooled to the 
room temperature, and the fibrous material which has a layer of reduction magnetite (x= 0.2) on the 
surface was obtained. Reduction magnetite / titania textiles of this fibrous material = it is 53.5/46.5 
and is ******. 

[0025]Except replacing with the check maghemite covering titania textiles of fibrous carbon coating 
reduction magnetite generation, and not using copper oxide, using the above-mentioned fibrous 
reduction magnetite, After operated it like the above "manufacture of fibrous reduction magnetite", 
having performed restoration of this fibrous reduction magnetite, and gaseous helium substitution in 
a system, having heated at 300 **, introducing hydrogen gas and passing carbon dioxide for 30 
minutes at 10-ml a rate for /100 more%, heating was stopped and it cooled to the room 
temperature. 

[0026]The fibrous reduction magnetite in a quartz tube was changing black, and it was checked that 
it is the substance in which the detailed carbon particle adhered to the surface from SEM 
observation and the ultimate analysis by a combustion method. The carbon content of this thing is 
0.81 % of the weight, and is ******. From carbon adhering by this reaction condition, the generation 
of reduction magnetite by which carbon coating was carried out is checked. 
[0027]800 g of deionized water was made to distribute 5.0 g of example 2 titania textiles (the fiber 
length of 18 micrometers, fiber diameter of 0.2 micrometer). To these dispersion liquid, the bottom 
of stirring, 9.9 g of ferrous chloride (FeCI 2 and6H 2 0), Having raised solution temperature to 80 ** 

and holding this temperature, after adding 27.0 g of ferric chloride (FeCI 3 and6H 2 0), and 50 g of urea 

one by one and making it dissolve, in 5 steps, 30 minutes was required and 1 50 g of urea was added. 
Aging was performed under the temperature after the end of addition for 1 hour, it refined like the 
reference example 1 below, and the substance 16.9g in which magnetism is shown by dark brown 
was obtained. 

[0028]From an X diffraction, this substance is a substance which consists of magnetite (Fe 3 0 4 ) and 

a titania, and is ******. Magnetite / titania textiles of this substance (weight ratio) = it is 70.4/29.6 
and is ******. 

[0029]Usingthis substance, it was operated like Example 1 below and the fibrous material which has 
a layer of reduction magnetite (x= 0.12) on the surface was obtained. Reduction magnetite / titania 
textiles of this fibrous material = it is 70.2/29.8 and is ******. 

[0030]The conductive whisker to which the surface of the potassium titanate whisker was made to 
carry out chemical vacuum deposition of the carbon 8% as example 3 fiber base material Using 
[DENTORU BK-300 and the Otsuka Chemical Co., Ltd. make], except adding 20 g of ethanol to the 
system of reaction further, it was operated like Example 1, and it was black and the substance 10. 7g 
in which magnetism and conductivity are shown was obtained. 

[0031]An X diffraction shows that this substance is what consists of maghemite (gamma-Fe 2 0 3 ) 

and the above-mentioned conductive whisker. According to SEM observation, the surface of this 
substance is in the state where intermediary **** in which maghemite particles are a little coarser 
than the thing of Example 1 is almost similar, and it is ******. The maghemite / the above- 
mentioned conductive whisker of this substance (weight ratio) = it is 53.3/46.7 and is ******. 
[0032]Using this substance, it was operated like Example 1 below and the fibrous material which has 
a layer of reduction magnetite (x= 0.15) on the surface was obtained. The reduction magnetite / 
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conductive whisker of this fibrous material (weight ratio) = it is 51.7/48.3 and is ******. 
[0033]As example 4 fiber base material, it is carbon fiber. Except using [the Koa Oil Co., Ltd. make, 
the fiber length of 500 micrometers, and the diameter of 1 micrometer], it was operated like 
Example 3 and the black substance 10.5g was obtained. 

[0034]That it is that to which this substance has an enveloping layer of maghemite on the carbon 
fiber surface according to an X diffraction, and maghemite/carbon fiber of this substance (weight 
ratio) = it is 55.4/44.6 and is ******. According to SEM observation, in the surface of this 
substance, the floe of detailed maghemite particles had adhered homogeneously like Example 1. 
[0035]Using this substance, it was operated like Example 1 below and the fibrous material which has 
a layer of reduction magnetite (x= 0.06) on the surface was obtained. Reduction magnetite / carbon 
fiber of this fibrous material (weight ratio) = it is 54.4/45.6 and is ******. 

[0036]It was operated without using titania textiles in the manufacture example 1 of comparative 
example 1 powdered maghemite, and the maghemite powder 5.9g of 300-mesh passage was 
obtained. 

[0037] 14 g was required, in order to become a length of about 3 cm and to be filled up 10 cm, if 
filled up with the above-mentioned maghemite powder 5g like the manufacture example 1 of 
reduction magnetite in a quartz tube 10 mm in inside diameter, and 30 cm in length. Silica wool was 
filled in these both sides, a length of 5 mm was further filled up with line copper oxide at the outlet 
side, and it fixed by silica wool. Before installing this in a tubular electric furnace, put on a stand, 
connect a helium introducing pipe to an aspirator and an entrance side at an outlet side, 
respectively, pass gaseous helium, and a preliminary test ****** and time, A crack occurs in a 
maghemite powder packing fraction in some places, it will be in the state where each portion divided 
by a crack was compressed, introduction of gaseous helium is difficult, and it is ******. 
[0038]Then, a length of 5 cm was filled up loosely, having reduced the quantity of maghemite powder 
to 5 g, and unfolding it for a while, and it installed in the tubular electric furnace. Temperature up of 
the degree of furnace temperature was carried out for gaseous helium to 300 ** with the sink at 
20-ml a rate for /for 5 hours, gaseous helium was passed for 30 more minutes, and helium 
substitution of the inside of a system was carried out. Although it was operated like "manufacture 
of fibrous reduction magnetite" of Example 1 below and hydrogen gas was introduced, it was 
generated by a lot of steams from the introducing initial, and when generating of a steam stopped in 
about 10 minutes, copper oxide was returned thoroughly. After introducing hydrogen gas for 30 more 
minutes, it changed to gaseous helium, heating was stopped, and it cooled to the room temperature. 
[0039]When the quartz tube was picked out from the tubular electric furnace and observed, the 
about 4-5-mm-thick powder layer was made to the pars basilaris ossis occipitalis, and the upper 
part was emasculated, therefore — gas contact is insufficient — ****** — things are understood. 
[0040]After installed in the electric furnace again, having carried out gaseous helium substitution of 
the inside of a system like the above, after removing the copper oxide returned from the above- 
mentioned quartz tube, having heated at 300 **, introducing hydrogen gas and passing carbon 
dioxide for 30 minutes at 10-ml a rate for /1 00 more%, heating was stopped and it cooled to the 
room temperature. 

[0041] Although adhesion of the carbonaceous material was observed in the bottom wall side of the 
quartz tube with which the surface and this layer of a powder layer in a quartz tube touch very 
slightly, there is no change in the central part of this layer, and it was checked that reduction 
magnetite is hardly generating. 

[0042]It was operated without using titania textiles in the manufacture example 2 in the end of 
comparative example 2 magnetite powder, and 10.7g was obtained after [ magnetite powder ] 300- 
mesh passage. 

The powder layer had adhered the reduction in the end of magnetite powder to the bottom wall side 
of the quartz tube with ****** like the manufacture comparative example 1 of reduction magnetite 
at the time. Copper oxide was removed from the quartz tube, heating was stopped after order next 
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line ****, and the helium substitution in a system, introduction (5 hours) of hydrogen gas, and 
introduction (5 hours) of carbon dioxide were cooled to the room temperature. Although the 
carbonaceous material had adhered to the surface and the periphery of the powder layer in a quartz 
tube, a carbon content is 0.3% or less about ultimate analysis about the central part of this layer at 
****** and the time, and it turns out that reduction of magnetite is performed unevenly. When the 
suction pipe of soda lime was made to pass exhaust gas for 1 minute every 30 minutes and it 
investigated about the change in the weight of carbon dioxide on the occasion of carbon dioxide 
introduction, in the whole period of introduction, the increase of weight around 10% was shown. This 
shows that the reduction magnetite which has sufficient carbon dioxide decomposition activity by 
reduction becoming uneven is not obtained even if it returns the end of magnetite powder. 
[0043]The magnetite covering titania textiles of example 5 Example 1, the magnetite covering 
carbon fiber of Example 4, and powdered activated carbon are mixed at a rate of 78/20 / 2 (weight 
ratio), It was made to distribute in ethanol, and filtered through the filter cloth, and the felt-like 
sheet (40% of porosity) about 1 cm thick was obtained by carrying out suction desiccation. By 
putting this sheet into a crucible with the product lid made from platinum, heat-treating for 3 hours 
and subsequently cooling to a room temperature at 350 ** in a nitrogen gas atmosphere, within an 
electric furnace, With the carbon monoxide generated from activated carbon, this magnetite changed 
into reduction magnetite and the felt-like sheet which mainly consists of fibrous reduction magnetite 
of this invention was obtained. The porosity of this sheet is 52% and is ******. 
[0044]The felt-like sheet of about 1 cm in thickness and 45% of porosity was obtained like Example 
5 except changing the mixing ratio of the maghemite covering titania textiles of example 6 Example 
1, the maghemite covering carbon fiber of Example 4, and powdered activated carbon with 70/25 / 5 
(weight ratio). This sheet was operated like Example 5 except making firing time into 5 hours, and 
the felt-like sheet which consists of fibrous reduction magnetite in which the carbonaceous material 
adhered to that surface was obtained. The porosity of this sheet is 48% and is ******. 
[0045]5 g of fibrous reduction magnetite textiles obtained in Example 1 are lightly filled up with a 
length of about 10 cm in a quartz tube 10 example of experiment 1 mm in inside diameter, and 30 
cm in length, After filling silica wool in both sides and fixing to them, this was installed in the tubular 
electric furnace, the aspirator was connected to the outlet side, and the balloon filled up with the 
automobile exhaust 11 was connected to the entrance side. When motor exhaust was introduced and 
the gas of the outlet side was analyzed, drawing in with an aspirator with the degree of furnace 
temperature of 300 **, it was checked that a constant rate of methane is continuously discharged 
from an introducing initial. 

[0046]Except replacing with automobile exhaust and introducing a steam using the carbon adhesion 
reduction magnetite textiles obtained in example of experiment 2 Example 2, when it was operated 
like the example 1 of an experiment, it was checked that a constant rate of hydrogen gas is 
continuously discharged from an introducing initial. The result also with same thing of Example 4 was 
obtained. 
[0047] 

[Effect of the Invention] 

(a) According to this invention, the fibrous magnetite which has the carbon dioxide decomposition 
activity which was efficient and was extremely excellent by the simple method can be provided. If 
this raw material is used, carbon dioxide can be decomposed and hydrogen and methane of a high 
grade can be generated. 

(b) In textiles shape, since porosity is high, this raw material does not have the fall of catalytic 
activity, and pressure loss ****** is excellent also in reusability. 

(c) Since the catalytic activity ingredient is thinly covered by the base material surface, this raw 
material has the high utilization efficiency of this active ingredient. 

(d) This raw material which has textiles shape is easy to process it into a textile, a sheet shaped, 
etc., and abundant in usage patterns. 
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(e) The use as a raw material of it not only being used as a catalyst for carbon dioxide 
decomposition but a fuel cell is also possible for this raw material. 



[Translation done.] 
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